Cognitive impairment is a major cause of morbidity in people with chronic kidney disease (CKD) and is associated with lower quality of life, more difficulty adhering to medications, and worse survival. Prior data suggest a relationship between vascular disease and cognitive impairment in individuals with CKD, although overall risk factors remain poorly understood. Critically, clinicians should be aware of the high rates of cognitive impairment that occur in all stages of CKD, which, although sometimes subtle, may impact comprehension and decision making in these individuals and may herald future, more debilitating impairment.
individuals with CKD reveal that executive function is more severely affected than other cognitive domains 3,4,7,8 ; 2. Systemic cardiovascular disease and cardiovascular disease risk factors are associated with significantly worse executive function 7 ;
3. In earlier stages of CKD, higher levels of albuminuria, likely representative of systemic vascular burden, are associated with both worse executive functioning and brain MRI findings 5, 9, 10 ; and 4. More intensive dialysis with more effective clearance of uremic solutes does not improve cognitive function 11 .
In addition to a high burden of traditional cardiovascular vascular disease risk factors among individuals with CKD, non-traditional risk factors such as inflammation may be more prominent in individuals with CKD and may also predispose to cardiovascular and cerebrovascular disease. Few data exist on how inflammation in individuals with CKD may contribute to abnormal brain function.
Attempting to address these questions, Sedeil et al performed a cross-sectional study evaluating cognitive performance in 119 patients with CKD stage 3-5D as well as 54 control subjects, all of whom had an eGFR > 60 ml/min/1.73m 2 but an otherwise similar burden of vascular disease risk factors 12 . A battery of ten neurocognitive tests was used, the results of which were converted into a global cognitive score as well as three subscores comprising memory, executive function, and language domains.
Although overall similar with respect to many characteristics including age, education and several vascular disease risk factors, there were several key differences between the CKD group and controls in this study, including the rate of TIA or stroke (6% in CKD vs 0% in control) and levels of brain natriuretic peptide and fibrinogen (both higher in CKD). As would be expected, the CKD group performed modestly worse on multiple measures of cognition when compared to the control group. Thirty percent of the CKD group had poor global cognitive performance (defined as one standard deviation worse than the control group), while 18% had memory deficits and 38% executive deficits. In unadjusted comparisons, performance did not vary significantly by CKD stage, a finding that could be explained by the younger age of stage 5D patients compared to CKD stages 3-5 (55 vs 65 years), possibly suggesting that the effects of kidney failure on cognitive function are similar to 10 years of aging. Following adjustment for age, sex, and education, CKD stage was a strong predictor of global cognitive performance (with more advanced CKD associated with worse performance) but not for individual component domains.
Interestingly, the authors found a relationship between higher self-reported depression scores (using the Hospital Anxiety and Depression Scale) and lower global cognitive performance, a finding consistent with previous reports in dialysis that have demonstrated an association between depression symptoms and both poorer self-perceived and measured cognitive performance 13, 14 . The association was attenuated when adjusting for markers of disease severity such as blood pressure, HbA1c, CKD stage and dyslipidemia, suggesting that comorbid conditions are involved in both depression and cognitive performance.
Notably, one recent randomized clinical trial conducted in 72 hemodialysis patients with sleep disturbances evaluated the effectiveness of cognitive behavioral therapy, a nonpharmacologic intervention for depression, and noted a significant improvement in depression scores as well as inflammatory markers in the group treated with cognitive behavioral therapy, potentially suggesting a mechanistic link among inflammation, sleep disturbances, depression and cognition 15 . In sum, the relationship between depression and cognitive performance is intriguing and deserving of further attention for future study, as unlike many other risk factors, depression is potentially modifiable, although few studies have assessed treatments for depression in hemodialysis patients.
Next, the investigators examined vascular disease risk factors and their association with cognitive performance. A key finding was that higher hemoglobin A1c (HbA1c) was associated with poorer global cognitive performance; this finding persisted even in models that adjusted for a previous history of CVD events as well as other traditional risk factors such as dyslipidemia, smoking, BMI, and systolic blood pressure. HbA1c has been linked with cognitive performance in people with type 2 diabetes, but this has not previously been extended to patients with advanced CKD. Unfortunately, it is difficult to interpret what this finding means for patients with CKD as HbA1c measurement in kidney disease remains poorly validated, with recent studies demonstrating that HbA1c measurement does not accurately reflect long term blood sugar levels and thus may substantially underestimate the degree of hyperglycemia in this population 16 . Future studies of cognition could be well served to consider alternative measures of glycemic control to investigate this potentially important risk factor.
An additional finding was an association between higher fibrinogen level and worse memory and executive function, a finding which was attenuated in the main multivariable model. Fibrinogen, a marker of inflammation, is associated with cognitive performance in the general population, specifically with poorer performance on tests that identify vascular dementia 17 , and, in individuals with stage 3-4 CKD, higher levels of fibrinogen are associated with cardiovascular disease outcomes 18 . Therefore, it was unexpected that the association between fibrinogen and memory was the more robust association in this study, raising the question of residual confounding. C-reactive protein (CRP), another well studied marker of inflammation, was not assessed in this study. Although both higher CRP and rising CRP over time are associated with the development of cognitive impairment in elderly populations 19 , few studies have looked at CRP and cognitive performance in kidney disease despite the association of high CRP with a multitude of cardiovascular outcomes. Well designed longitudinal studies that include multiple measures of inflammation will likely be required to better explore the impact of inflammation and its modifiers on cognitive performance.
In sum, even when compared to a population enriched for CVD and CVD risk factors, individuals with CKD performed modestly worse on a cognitive battery testing multiple domains. Despite the many caveats that are associated with a cross-sectional study as well as this study's modest sample size, these findings, when viewed in context of existing data, suggest that risk factors for cerebrovascular disease may be particularly important in the pathogenesis of cognitive impairment in people with CKD. Critically, clinicians should be aware of the high rates of cognitive impairment that occur even in earlier stages of CKD. Although initial cognitive deficits may be subtle, these deficits may herald future, more debilitating impairment. Future studies should evaluate whether treatments targeting vascular disease risk factors, possibly including inflammation, can prevent or slow the development of cognitive impairment in individuals with CKD. 
